Purpose: We aimed to identify factors influencing physical activity in adolescents with complex congenital heart disease. Methods: We recruited 92 adolescents with complex congenital heart disease from a tertiary medical center in Seoul, measured their levels of physical activity, and identified factors that influenced their physical activity levels using the Global Physical Activity Questionnaire, the New York Heart Association classification, congenital heart disease complexity, the Self-Efficacy Scale, and the Parental Bonding Instrument scale. Stepwise multiple linear regression was used to determine factors influencing physical activity. Results: Total physical activity was higher in males than in females (t=4.46, p<.001). Adolescents who participated in school physical education classes engaged in more physical activity than those who did not (t=6.77, p<.001). Higher self-efficacy (β=.41, p<.001), male gender (β=.37, p<.001) and participation in school physical education classes (β=.19, p=.042) were associated with a higher likelihood of engagement in physical activity. Conclusion: It is necessary to develop nursing interventions that enhance self-efficacy in order to promote physical activity in adolescents with complex congenital heart disease. Physical activity should also be promoted in an individualized manner, taking into account gender, disease severity, and parental attitude.
INTRODUCTION

Need for Study
Although Korea's birthrate is rapidly falling, the percentage of infants born with congenital anomalies is gradually increasing. The number of congenital heart disease operation performed annually has increased from 4546 in 2006 to 5398 in 2016, an increase of 1000 within a decade [1, 2] . According to a 2017 report by the American Heart Association (AHA), mortality rates from complex congenital heart diseases have decreased by 22% since 1979. Advanced techniques to detect cardiac lesions, improved diagnosis and management strategies, and surgical interventions have contributed to higher survival rates of infants with congenital heart disease through adulthood [3, 4] . Although infant survival rates have increased, the incidence of long-term arrhythmia and cardiac insufficiency has increased among survivors previously diagnosed with congenital heart disease. Therefore, regular monitoring of patients with congenital heart disease from infancy, through adolescence and extending into adulthood is necessary [5] .
During growth, illnesses in adolescents might not be measurable in the same way as in adults although poor health in adolescence can affect health in adulthood. Therefore, appro-CHNR priate interventions for health management are necessary starting in adolescence, and positive health behaviors must be promoted to ensure a healthy adult life [6] . Congenital heart disease management in Korea currently focuses on promoting physical health, as there is a lack of awareness regarding multimodal approaches to health management, such as physical activity, career counseling, pregnancy choices, social activities, and quality of life [7] .
Physical activity impacts adolescent health positively; however, almost half of patients with congenital heart disease rarely follow physical activity recommendations [8] . The AHA emphasized the importance of a physically active life and positive habits related to health and welfare in children and adults with congenital heart disease, noting that physical activity should be limited only when there is arrhythmia [9] . In addition, it has been reported that regular physical activity improves motor ability, the musculoskeletal system, blood vessels, and immune functions, and also benefits a person's mental and social welfare well-being, quality of life, and self-efficacy; additionally, the risk of acquired heart diseases can be reduced by regular physical activity [9, 10] .
Although it is theoretically evident that regular physical activities have improved one's quality of life, a lot of adolescents with congenital heart disease have been found lack of physical activity [8, 11] . Previous studies have reported several factors that promote or limit physical activity among adolescents with congenital heart disease, and self-efficacy was found to positively promote physical activity in adolescents with congenital heart disease [12] . Sable et al. [13] pointed out that the type of cardiac disorder and disease severity are important factors influencing decisions regarding the type of physical activity. However, some additional factors are more important, such as parental attitudes, recommendations from medical staff, the effect of exercise, and other adolescent interests [13] . Adolescents habits also affect physical activity [9] . Habits that encourage a low level of physical activity may be due to overprotection by parents or others, and such factors were found to be common among patients with complex congenital heart disease [11, 14] . Additionally, it was observed that adolescents with complex congenital heart disease generally failed to practice a proper amount of physical activity as recommended by the World Health Organization (WHO), and that their quality of life was also relatively low [11] .
Lack of physical activity is a risk factor for noninfectious diseases such as cardiovascular disease, ischemic stroke, type II diabetes mellitus, obesity, colon cancer, and breast cancer. The WHO developed the Global Physical Activity Questionnaire (GPAQ) to investigate analyze factors causing such noninfectious diseases and to compare the amount of physical activity across countries [15] . Several studies have used the GPAQ to investigate physical activity levels, but most have focused on adults. There have been few studies, at home and abroad, that examined factors influencing physical activity in adolescents with congenital heart disease, particularly complex congenital heart disease. Hence, it is necessary to analyze the extent to which the factors suggested in previous studies affect physical activity in this population.
The present study aimed to examine the characteristics of adolescents with complex congenital heart disease and their amount of physical activity depending on disease severity, utilizing the GPAQ developed by the WHO, and to derive factors influencing the physical activity of adolescents with complex congenital heart disease. It is expected that the findings of this study will be utilized as a basis for developing of nursing interventions and educational programs aimed at promoting physical activity among adolescents with complex congenital heart disease, and that this study will help enable a healthy transition from adolescence to adulthood.
Objectives
The objective of this study was to examine the characteristics of adolescents with complex congenital heart disease and their amount of physical activity depending on disease severity, and to analyze factors influencing their physical activity.
 Disease severity in adolescents with complex heart disease was examined.  The impact of differences in various characteristics of adolescents with complex heart disease on their physical activity was examined.  The impact of differences in disease severity of adolescents with complex heart disease on their physical activity was examined.  The correlations between physical activity, self-efficacy, and parental attitude in adolescents with complex heart disease were examined.  Factors influencing the physical activity of adolescents with complex congenital heart disease were derived.
METHODS
Study Design
This is a descriptive study conducted to examine factors that influence physical activity in adolescents with complex congenital heart disease.
been diagnosed with complex congenital heart disease at a tertiary care hospital located in Seoul, and were under ambulatory tracking and monitoring at the pediatric cardiology or pediatric cardiac surgery department.
To determine the number of subjects necessary for multiple regression analysis, the G-power 3.1.9.2 program was used. The significance level was set to .05. The power of the test was set to .95 and six predictors were analyzed (gender, participation in physical education classes at school, New York Heart Association (NYHA) classification, self-efficacy, paternal care as a sub-item of parental attitude, and sedentary behaviour). When the effect size was set to .30 similar to a previous study [16] , the appropriate sample size was calculated to be 77. The final sample size was 93 as a high drop-out rate (15%) was expected. Ninety-two copies (99%) of the questionnaire were collected and utilized for the final analysis, out of 93 distributed.
Research Tools
1) Characteristics of adolescents with complex congenital
heart disease Nine questions collected general information about the participants, including age, gender, current residential area, school/grade, type of school, school performance, participation in physical education classes at school, financial condition, and body mass index (height and weight). Six questions were on disease characteristics, including a confirmed diagnosis of congenital heart disease, number of operations to date, age at first surgery, number of medications currently taken, and whether advice was given by medical staff regarding physical activity. As a biological index, oxygen saturation at rest was also recorded.
2) Disease severity
Disease severity was determined by two measures: congenital heart disease (CHD) complexity and the NYHA classification.
The first method (CHD complexity) classified complex congenital heart diseases as being of moderate or great complexity based on the structure of congenital heart disease, as proposed in the ACC/AHA 2018 Guideline published by the American College of Cardiology (ACC) and the AHA [17] . The classification of moderate or great complexity was made based on echocardiography, and great complexity was considered to indicate a higher level of disease severity.
The second method was the NYHA classification, which divides cardiac functional states into stages I to IV. Questions from the translated version were used, as it was designed to include questions for better patient understanding. The higher the class, the higher the level of disease severity [18] .
3) Physical activity
Physical activity was measured using the GPAQ developed by the WHO. The GPAQ consists of 15 questions ─ six questions about physical activity at school (work-related activity), six questions about after-school activity of sports (leisure activity), and three questions about travel to and from places ─ as well as one question about sedentary behaviour [15] . For our analysis, the amount of physical activity was classified as moderate to vigorous intensity, and the total amount of physical activity was converted into metabolic equivalents of task (METs) (minutes/week): Vigorous-intensity physical activity was given a rating of 8 METs, and moderate-intensity physical activity and relocation was rated as 4 METs. Higher values of the METs corresponded to greater, amounts of physical activity.
4) Self-efficacy
To measure the level of self-efficacy specifically relevant to physical activity as recognized by the participants, the SelfEfficacy Scale developed by Motl et al. [19] was translated into Korean and used after consent was obtained from the author. Each question was measured on a 5-point Likert scale, with 1 point indicating "not at all", 2 points "not in general", 3 points "normal", 4 points "yes in general", and 5 points "always". Higher scores indicated higher levels of self-efficacy associated with physical activity. The tool was translated into Korean, and its content was validated by one professor at a pediatric cardiac surgery department, one professor at a pediatric cardiology department, two professors at a nursing college, and one professional nurse at a pediatric cardiac surgery department. Among the eight questions of the original tool, the item "I can practice physical activity during my free time even if I have a lot of homework to do". was excluded because its contents validity index was .40; however, the remaining 7 questions were used. At the time of development, the Cronbach's ⍺ was .84, and in this study, it was .90 [19] .
5) Parental attitude
To measure parents' attitude towards adolescents with complex congenital heart disease, the Korean version of the Parental Bonding Instrument developed by Parker et al. and translated by Song [20] was used after obtaining consent from the developer and translator. It is a self-reporting tool that measures memories up to respondents' 16th year life. Each parent's caring attitude is measured with 25 questions, including 12 questions about care (positive caring attitude items include interest, sensitivity, love, etc.) and 13 questions about overprotection (negative caring attitude items include regulation, requirement, and punishment). Each question is an-https://doi.org/10.4094/chnr.2019. 25.3.262 CHNR swered on a 4-point Likert scale, with 0 points for 'very unlike', 1 point for 'moderately unlike,' 2 points for 'moderately like', and 3 points for 'very like'. Some of these questions in this tool are reverse-scored. High scores for a caring attitude and low scores for overprotection correspond to an appropriate parental attitude. Regarding the Cronbach's ⍺ values for this tool in the study of Song [20] , the scores were .87 for maternal care, .87 for maternal overprotection, .90 for paternal care, and .87 for paternal overprotection. The Cronbach's ⍺ values in this study were .87 for maternal care, .77 for maternal overprotection, .88 for paternal care, and .75 for paternal overprotection.
Method of Data Collection
The researcher obtained approval for this study from the hospital's Institutional Review Board (IRB) (No. 2018-0444). Hospital permission and cooperation for the survey also were obtained from the nursing department, pediatric cardiac surgery department, pediatric cardiology department, and ambulatory care team. The structured questionnaire was filled out by the participants, and the survey took about 10 minutes to complete. Survey respondents were given a token gift and data collection lasted for 7 months, from April 16 to November 30, 2018.
Data Analysis
The collected data were analyzed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). The extent of physical activity depending on participants' characteristics and disease severity was analyzed in terms of frequency, percentage, average, and standard deviation. Differences in physical activity depending on participants' characteristics and disease severity were analyzed using the independent t-test and analysis of variance (for post-hoc analysis, the Scheffé test was used). The correlations among the research variables were analyzed by Pearson correlation analysis. Finally, stepwise multiple linear regression was conducted to derive factors on influencing physical activity in adolescents with complex congenital heart disease.
RESULTS
General and Disease-related Characteristics of Adolescents with Complex Congenital Heart Disease
Ninety-two adolescents with complex congenital heart disease participated in the study, and their general characteristics are presented in Table 1 . The average age of the participants was 15.03±1.92 years, and more participants were male than female (54, 58.7%). Seventy-nine participants (85.9%) attended physical education classes at school. Regarding disease characteristics, participants who had undergone three or more operations accounted for the largest portion of the study population (41, 44.6%). Oxygen saturation levels ranged between 77% and 100%, with an average of 94.90%±3.75%. The maximum number of cardioactive medications taken was five. Fifty participants (54.4%) were no longer taking medications. The most common medication taken was warfarin. Among the 92 individuals, the majority (72, 78.3%) had never received any advice from medical staff (doctors and nurses) regarding the importance of physical activity.
Disease Severity
Disease severity was categorized as shown in Table 2 . Complex congenital heart disease types were classified based on the ACC/AHA 2018 Guideline. Forty-three participants (46.7 %) were classified as having moderate-complexity disease, while 49 (53.3%) had disease of great-complexity. Participants were classified based on NYHA class as an indicator of their current cardiac functional status (i.e., the extent of cardiac insufficiency), as follows: 76 (82.6%) belonged to NYHA class I, 12 (13.0%) to Class II, 4 (4.4%) to class III, and 0 (0.0%) to class IV.
The Amount of Physical Activity among Adolescents with Complex Congenital Heart Disease and Differences in Physical Activity Based on Their Characteristics
The total amount of physical activity among adolescents with complex congenital heart disease was presented as METs (minutes/week). The average amount of physical activity was 1710.00±1562.64 METs, and the average time spent sitting was 10.94±2.70 hours/day. The amount of physical activity was significantly higher among: 1) male students as compared to female students (t=4.46, p <.001); 2) students who attended physical education classes at school compared to those who did not (t=6.77, p <.001); and 3) participants who underwent their first surgery at the age of 1 or older as compared to those who underwent their first surgery before 1 year of age (t=2.08, p =.041) ( Table 3 ).
Differences in Physical Activity Depending on Disease Severity
Differences in physical activity depending on disease severity were noted ( tivity was significantly higher among participants with moderate-complexity disease as compared to those with disease of great-complexity (t=2.31, p =.023), and higher levels of physical activity were also observed among participants belonging to NYHA class I than among those in classes II to III (t=5.83, p< .001).
Factors Influencing Physical Activity in Adolescents with Complex Congenital Heart Disease
Stepwise multiple linear regression was conducted based on six variables including self-efficacy (r=.52, p<.001), paternal care (r=.21, p=.046), sedentary behaviour (r=-.33, p =.001) (Table 4) , classifications identified as significant factors as such as gender, attendance of school physical education classes, and the NYHA classification. The age at which participants underwent their first surgery showed a significant relationship with CHD complexity (x 2 =6.08, p =.014). Additionally, CHD complexity was significantly correlated with the NYHA classification as a variable indicating disease severity in the present study (x 2 =6.56, p =.013). Therefore, the stepwise regression analysis was conducted solely based on the NYHA classification, which was found to have a more significant relationship with participants' physical activity as a disease severity factors. The factors that significantly influenced physical activity in adolescents with complex congenital heart disease included self-efficacy (β=.41, p<.001), gender (β=.37, p < .001), and participation in school physical education classes (β=.19, p=.042). The tolerance of these independent variables was 0.85 to 0.99, and the variation inflation factor was between 1.01 and 1.18, indicating multicollinearity. The explanatory power of the model was high, at 42.2%(F=20.21, p <.001) ( Table 5) .
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DISCUSSION
This study applied the GPAQ developed by the WHO to examine the amount of physical activity of adolescents with complex congenital heart disease. Factors influencing physical activity were derived based on disease severity, self-efficacy, and parental attitude.
First, the average amount of physical activity of adolescents with complex congenital heart disease was 1710.00±1562.64 METs (minutes/week), which was less than the WHO physical activity recommendation of at least 60 minutes per day (intense physical activity at a moderate to vigorous level) for children and adolescents aged 5 to 17 years. This is similar to findings in a previous study in which 34.1% of adolescents with complex congenital heart disease matched the recommended level of physical activity, which was a lower proportion than observed for both normal adolescents (64.1%) and for adolescents with simple congenital heart disease (54.5%) [11] .
The following factors influenced physical activity in adolescents with complex congenital heart disease. Self-efficacy had a significant positive correlation with physical activity in adolescents with complex congenital heart disease, and it affected physical activity, similar to the findings of Ray and Henry et al. [12] . Individuals with high self-efficacy maintain positive energy and obtain vitality while exercising, feeling less fatigued during physical activity [21] . Hence, self-efficacy can have a positive influence on physical activity. In addition, self-efficacy is related to the parental caring attitude. In this study, self-efficacy was found to be positively correlated with parental care and negatively correlated with parental overprotection. This is similar to the results of Park and Cheon [22] , who found that as stable attachment to parents developed, children developed self-confidence to overcome their fears of potential negative results and to manage their feelings successfully. Hence, it is thought that interventions to enhance self-efficacy might begin with attempts to change parents' caring attitude. As parents provide their children with opportunities to feel a sense of achievement and to experience regular successes, maintaining a reasonable caring attitude helps them to develop self-efficacy, which can affect physical activity directly or indirectly [23, 24] . However, interventions are necessary since parents of adolescents with congenital heart disease tend to practice overprotection [14] . To improve self-efficacy, therefore, parents of adolescents with congenital heart disease need help to develop not overprotection, but a desirable caring attitude that would help their children experience successes through physical activity with regular verbal encouragement.
Paternal care was positively correlated with physical activity but was not found to be a factor influencing physical activity. In contrast, Määttä, Ray, and Roos [25] noted that parents had a positive influence on their children's physical activity in a variety of ways: Parental encouragement and involvement influenced children's perceptions and cognitions about physical activity positively, and these factors increased the levels of children's physical activity and self-efficacy. In particular, having their fathers as a role model ─specifically as children watched their fathers participate in sports or learned that their fathers also enjoyed sports had a direct impact on children's physical activity. Brouwer et al. [26] reported that children tended to imitate the physical activity of the parent of the same gender, and that the father's type of work, time spent with the father, and knowledge regarding health behaviors affected the son's physical activity. The finding of this study that paternal care was positively correlated with physical activity in adolescents with complex congenital heart disease is thought to be related to the fact that in this study, there were more male participants (58.7%) than female participants (41.3%), and that paternal influence was therefore regarded as significant. Parents of the same gender need to be role models for their children in terms of physical activity. In this regard, follow-up studies should examine the effects of social environments, such as parental disposition and occupation, on children's physical activity. In addition, it is necessary to inform parents that the father's role is as important as the mother's in childcaring because parental caring attitude, and particularly paternal care, has positive effects on physical activity. Meanwhile, excessive protection by parents needs to be avoided. This study verified gender to be a factor influencing physical activity in adolescents with complex congenital heart disease. The amount of time spent on physical activity was significantly larger among male participants than female participants, which corresponds to the findings of a previous study [27] . However, the difference in the amount of time spent on physical activity depending on gender is not limited to adolescents with congenital heart disease. In general, male adolescents tend to be more motivated to perform physical activity than females. While male adolescents participate in physical activity mainly for reasons related to personal identity, female adolescents tend to participate in physical activity to maintain their figure and weight or as a way to spend time together with their friends [28] . For this reason, male adolescents spend more time engaging in physical activity than female adolescents, and they may become interested in different sports depending on gender. In other words, since gender differences are an important factor when it comes to physical activity, it is necessary to consider gender, in addition to patients' diagnoses and physical condition, when emphasizing the importance of physical activity to adolescents with complex congenital heart disease in order to motivate them as effectively as possible to engage in physical activity and when giving them guidance on the most suitable types of physical activity.
Finally, it was found that attending in school physical education classes influenced physical activity in adolescents with complex congenital heart disease. Participation in physical education classes at school was related to the NYHA classi-
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Child Health Nurs Res, Vol. 25, No.3, July 2019: 262-272 fication which indicated the extent of cardiac insufficiency. Specifically, of the participants who did not attend physical education classes at school, 8 (62%) were categorized as NYHA class II or III. This indicates that among adolescents with complex congenital heart disease, a greater severity of disease was related to a lower rate of participation in physical education classes at school. Statistically significant differences in the amount of time spent engaging in physical activity were also observed according to CHD complexity and the NYHA classification, as indices of disease severity. However, these were not found to be factors that influenced physical activity in the stepwise regression analysis, for the following reasons. First, this study only examined the amount of physical activity only among adolescents with complex congenital heart disease, and did not include adolescents with simple congenital heart disease. Hence, there was a statistically significant difference between the participants with moderate-complexity disease and those with disease of great-complexity, but it was not found to be a factor influencing physical activity. Second, the percentage of participants in NYHA classes II to III was smaller than that of participants in NYHA class I, and most survey respondents were outpatients whose physical symptoms were controlled. For this reason, the NYHA classification was not an influencing factor.
Nonetheless, the NYHA classification is an important clinical tool for the assessment of patients with congenital heart disease. It has significant correlations with brain natriuretic peptide levels and peak oxygen uptake, making it a useful index to assess the prognosis of patients with congenital heart disease. It is recommended that the NYHA classification of patients should be checked each visit to the hospital [29] . The NYHA classification needs to be checked on a regular basis for adolescent outpatients with congenital heart disease in order to facilitate continuous monitoring of high-risk patients who spend a small amount of time engaging in physical activity. In addition, it is necessary to examine individuals' diagnoses and cardiac functional status to determine the scope and possibility of physical activity and to offer appropriate education on the recommended range of physical activity. Furthermore, physical activity needs to be encouraged with due consideration of individuals' attitudes toward physical activity, interests, gender, extent of cardiac insufficiency, NYHA classification, and CHD complexity in relation to the diagnosis.
When adolescents with congenital heart disease have to make decisions about physical activity, advice from medical staff regarding physical activity is of great importance in terms of self-efficacy, in addition to the direct importance of such advice for facilitating physical activity. Therefore, encouragement and advice on physical activity from medical staff are essential for adolescents with complex congenital heart disease [30] . Among the survey respondents in this study, however, 72 individuals (78.3%) answered that they never received any advice on physical activity from medical staff. This might indicate that while congenital heart disease management in Korea focuses on physical disease conditions, little attention is paid to patient's quality of life or health behaviors [7] .
Despite these limitations, it is still possible to enhance patients' self-efficacy and to increase their amount of physical activity, as nurses are both aware of the specific diagnoses of adolescents with complex congenital heart disease and are familiar with suitable forms of physical activity depending on patients' physical characteristics. The combination enables nurses to offer guidance on physical activity tailored to each patient. In addition, early interventions ─ both for adolescents and for their parents ─ will contribute to the proper growth and development of children with congenital heart disease. For this purpose, first of all, it is necessary to provide specific information and guidelines on the possible scope of patients' physical activity to nurses caring for patients with congenital heart disease.
This study is significant in that it provides a basis for follow-up through its classification of patients by severity levels and via the reported measurements of the amount of physical activity specifically in adolescents with complex congenital heart disease, as distinct from measurements in patients with congenital heart disease more broadly. In addition, it will be possible to promote enhanced levels of physical activity based on self-efficacy by developing nursing interventions that encourage physical activity in adolescents with complex congenital heart disease and their parents with due consideration of gender and disease severity.
However, since this study applied convenience sampling to patients aged 12~18 years at one hospital, it is unlikely to be representative of all adolescents with complex congenital heart disease in Korea. Therefore, attention needs to be paid to the generalizability of its findings. Since patients with cardiac insufficiency and arrhythmia were excluded from this study, it was not possible to examine the amount of physical activity of NYHA class IV patients with severe cardiac insufficiency, which is a limitation of the sampling of this study. Finally, cross-sectional research involves certain inherent limitations as it samples participants at a single point in time. Future research needs to examine changes in physical activity over time from infancy to adolescence, rather than focusing solely on adolescence in patients with complex congenital heart disease. Doing so would help obtain longitudinal finding relevant for understanding the growth and development of pediatric patients affected by complex congenital heart disease.
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CONCLUSION
This descriptive study was conducted to examine the factors influencing physical activity in adolescents with complex congenital heart disease, and identified gender, attendance of physical education classes at school, and self-efficacy as factors affecting their physical activity. Hence, to motivate these adolescents effectively, it is necessary to take gender into consideration, as well as their diagnoses and physical conditions when emphasizing the necessity of physical activity and recommending proper types of physical activity. In addition, nursing interventions focusing on self-efficacy by supporting the family and advice from medical staff regarding physical activity are expected to contribute significantly to promoting physical activity in adolescents with complex congenital heart disease, thereby improving their health.
In addition, it is necessary to inform parents that the father's roles, although it was not found to be a factor influencing physical activity, is as important as the mother's role in childcare because parental caring attitude, particularly paternal care, has positive effects on physical activity. Meanwhile, overprotection by parents needs to be avoided. Nurses can play a helpful role as health managers by providing education to adolescents with complex congenital heart disease on the possible range and types of physical activity based on their diagnoses and physical conditions.
The results of this study recommend as follows. First, only 21.7% of the respondents in this study were given recommendations on physical activity from medical staff. It is necessary to examine the perceptions of health management experts who personally treat adolescents with congenital heart disease, such as doctors, nurses, and school nurses, regarding physical activity in adolescents with congenital heart disease. Second, it is necessary to conduct replication studies on parental attitudes ─ not only for adolescents, but also for infants, preschool, and school age children─ when developing nursing interventions aiming at improving the self-efficacy of children with congenital heart disease. It is also necessary to examine adolescents' peer relationships and social support.
